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MAXIMUM VALUE TRACING CIRCUIT FOR
DIGITIZED VOICE SIGNALS

BACKGROUND OF THE INVENTION

While the level extraction of voice signals is a tech-
nique required in many fields of art such as, for exam-
ple, echo suppression in a long-distance trunk circuit or
the extraction of voice signals within a given time inter-
val in a voice analyzer-synthesizer system, etc., the
present invention will be described hereunder mainly in
connection with the case of its application to an echo
SUppPressor. | - |

Generally, in telephone circuits both two-wire cir-
cuits and four-wire circuits co-exist, and at junction
point therebetween a hybrid coil is normally employed.
However, if the mismatching of impedances should
exist there, then reflection would be produced, which
results in an echo in a long-distance telephone circuit
and causes troubles in telephone conversation.

Heretofore, as means for dealing with such echo, an
echo suppressor which monitors signal levels i four-
wire circuits and which breaks a circuit that is not n
use or which provides a signal atténuation to it, has
been widely utilized throughout the world. Since the
echo suppressors are provided in quantities substan-
tially equal in number to the number of the circuits, the
number of echo suppressors becomes very large, and
accordingly, concentration of the echo suppressors is
required. In association with the concentration of the
echo suppressors, high reliability and stability are re-
quired, and miniaturization is also required. Conven-
tional echo suppressors are typically composed of ana-
log circuits, and so, if they were to be concentrated by
themselves on a large scale, a great amount of time
would be spent for maintenance and adjustment
thereof and their miniaturization would also be diffi-
cult. In accordance with the recent establishment of
digital techniques, replacement of an anlog circuit by a
digital circuit having excellent stability and requiring
no adjustment has been populanzed; examples of such
replacement are also evident in the art of echo suppres-
SOTS. -

Among the principle component elements of the
echo suppressor, that element occupying the largest
volume is a voice signal level detection. circuit. Func-
tions required for a voice signal level detector circuit to
be used in an echo suppressor are that its detection
speed is fast, and that once a level has been detected
the detected level can be held for a predetermined
period of time (for instance, several tens of seconds)
without decaying abruptly, in other words, that the
voice signal level detector circuit can have a hang-over
time. The necessity for a hang-over time is due to the
fact that a time delay although an echo path (from an
output terminal on the receiver side to an input termi-
nal on the transmitter side of an echo suppressor) 1s
taken into consideration. Construction of a level detec-
tion circuit having the above-described functions and
employing analog circuits can be realized in a relatively
simple manner by employing an integrating circuit
having different time constants for charging and dis-
charging, respectively, provided that its stability and
accuracy are disregarded. On the other hand, a level
detection circuit for digitized voice signals in a digital
echo suppressor in the prior art, is constructed of an
integrating circuit and a counter circuit in combina-
tion. In such a case, miniaturization 1s hampered in that
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a large number of bits must be handled by the integrat-
ing circuit for obtaining the signal level at high preci-
sion, and that the counter circuit is needed. Further-
more, because of the need for integrating operations, it
is difficult to enhance the detection speed.

Regarding voice signals, since their arithmetic mean
values or root mean square (RMS) values can be
deemed to be proportional to their peak values, it 1s

possible to use a maximum value tracing circuit as the

level detection circuit. By use of a maximum value
tracing circuit, there exists a possibility of reducing the
number of bits in a memory section (accumulator) in
comparison to an integrating type of level detection
circuit, while its response speed is very quick, and
therefore, it is suitable for use in an echo suppressor.

An example of echo suppressors which make use of a
maximum value tracing circuit was proposed in an
article by E. Ferriello published on p.p. 1176 - 1181 of
IEEE Trans. Communications (Dec. 1972). The pro-
posed apparatus is an echo suppressor comprising a
peak level detector for discriminating a peak level into
one of a plurality of multilevels at an interval of 2 dB,
and gate signal generators for counting a hang-over
time provided equal in number to the number of the
discriminated levels. However, the apparatus according
to the disclosure in this article includes a large number
of elements such as counters, gatecircuits, and the like,
and accordingly it is not deemed suitable for minmiatur-
1zation. |

BRIEF DESCRIPTION OF THE INVENTION AND
- OBJECTS

One object of the present invention is to provide a
maximum value tracing circuit for digitized voice sig-
nals that is adjustable in a simple fashion, and is stable
and highly reliable.

Another object of the present invention is to provide
a maximum value tracing circuit of a type that is com-
pact and suitable for concentrated mounting.

According to the present invention, there is provided
a maximum tracing circuit comprising a first maximum
value extraction circuit and a second maximum value
extraction circuit having a common input and individ-
ual clear signal input terminals, a comparator-selector
circuit having its input connected to the output of said
first and second maximum value extraction circuits and
adapted to selectively emit at its output the larger value
of these two input values, and means for supplying
clear signals to the respective clear input terminals of
said first and second maximum value extraction circuits
in a different phase relationship.

According to the present invention, there is further
provided a maximum value tracing circuit comprising a
maximum value extraction circuit for extracting a max-
imum value of an input digitized voice signal in a time
interval extending from the time point when a clear
signal is applied to an arbitrary time point, a register for
storing an output value of said maximum value extrac-
tion circuit at the time point when said clear signal is
applied, and a comparator-register circuit for compar-

-ing the output value of said maximum value extraction

circuit with an output value of said memory circuit and
for storing the larger of these two output values.

A maximum value tracing circuit for digitized voice
signals according to the present invention comprises
two maximum value extraction circuits, the time inter-
vals in which the maximum value 1s to be extracted
being selected in the respective maximum value extrac-
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tion circuits so as to partly overlap with each other, and
by selecting a larger one of the output values from
these two maximum value extraction circuits a varia-
tion of a maximum value of an input digital signal
within a short period of time is traced. In view of the
fact that such a maximum value tracing circuit of ana-
log type employing charging and discharging circuits
tried to obtain envelope values of a signal waveform, or
in other words the so-called peak levels of a waveform,
the maximum value tracing circuit according to the
present invention is simplified in circuit arrangement
by employing a method of and circuitry for tracing a
maximum value of a waveform within a short period of
time, because envelope values are a series of peak
values of a waveform within a short period of time.

The problem, i.e., if a maximum value of an input
waveform should be successively traced starting from a
given time point by means of only one maximum value
extraction circuit, a small value which fails to reach the
envelope value of the input signal waveform would be
obtained as an output of the maximum value extraction
circuit for a little while just after the given time point,
can be obviated by employing two maximum value
extraction circuits arranged in the above-described
manner.

With a circuit for continuously tracing a maximum
value of an input digitized voice signal by applying the
same input signal to two maximum value extraction
circuits having different starting times for extraction as
has been generally described above, then even in the
case where only one maximum value extraction circuit
is provided, a maximum value tracing circuit having a
similar function can be obtained by adding one register
circuit. In this latter type of maximum value tracing
circuit, an output value of the maximum value extrac-

tion circuit similar to that used in the former type of -

system which affords a maximum value within a given
time region defined by external signals and an output
value of the memory circuit which stores the output
value of the same maximum value extraction circuit
just before it has been cleared at the last time, are
compared and selected in a comparator circuit to pro-
vide the larger of the two values at its output. Since this
memory circuit stores the maximum value in the time
interval just prior to the time interval in which the
maximum value extraction circuit involves renewed
contents in response to the input signal, by selecting the
larger value of the value stored in this memory circuit
and the output value of the maximum value extraction
circuit which renews its contents from one moment to
the next, a maximum value of an input signal during a
predetermined short period of time can be continu-
ously obtained.

Two types of maximum value tracing circuits accord-
ing to the present invention have been referred to and
their operations have been briefly explained above. In
either one of these systems, the aforementioned hang-
over time can be freely selected by varying the time
interval between clear operations for the maximum
value extraction circuit or circuits. Since the maximum
value tracing circuit according to the present invention
is simple in structure and designed as a circuit operable
in an entirely digital manner, it is small in size, light in
weight and yet has excellent operating stability and a
high precision of level tracing. Furthermore, its re-
sponse speed is fact because the need for an integrating

circuit has been obviated. Accordingly, this maximum-

value tracing circuit is favorable for use as a level de-
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tector circuit for an echo suppressor, and especially in
cases where it is applied to a multiplex circuit, it gives
remarkable advantages in contrast to the conventional
maximum value tracing circuits.

BRIEF DESCRIPTION OF THE FIGURES

Now the invention will be described in more detail
with reference to the accompanying drawings, In
which:

FIG. 1 is a block diagram of an echo suppressor em-
ploying maximum value tracing circuits for digitized
voice signals according to the present invention,

FIG. 2 shows a first preferred embodiment of a maxi-
mum value tracing circuit for digitized voice signals
according to the present invention, |

FIG. 3 is a timing diagram of clear signals to be used
in the embodiment shown in FIG. 2,

FIG. 4 is a diagram showing the signals appearing at
various points in the embodiment shown in FIG. 2,

FIG. 5 shows one employing of an echo suppressor
for processing multiplex digitized voice signals employ-
ing a maximum value tracing circuit for digitized voice
signals, |

FIG. 6 is a detailed block diagram of a multiplex
digitized voice signal processor circuit in the echo sup-
pressor shown in FIG. 5, a principal part of said proces-
sor circuit comprising a maximum value tracing circuit
for digitized voice signals to be used for muitiplex pro-
cessing according to the present invention, '

FIG. 7 is a timing diagram of the signals appearing at
various points in the circuits shown in FIGS. § and 6,

FIG. 8 shows a second preferred embodiment of a
maximum value tracing circuit for digitized voice sig-
nals according to the present invention, and

FIG. 9 is a diagram of waveforms representing the
signals appearing at various points in the embodiment

shown in FIG. 8.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIG. 1 of the drawings, an echo
suppressor 100 employing a maximum value tracing
circuit for digitized voice signals according to the pre-
sent invention is shown in a block diagram form. A
receiving signal x and a transmitting signal y on a four-
wire circuit are converted into digital signals through
A-D converters 131 and 132, respectively, and are fed
to maximum value tracing circuits, 141 and 142. Out-
puts of these maximum value tracing circuits are ap-
plied to a first comparator circuit 150 and a second
comparator circuit 151, respectively, in which the re-
ceiving signal x and the transmitting signal y are com-
pared with respect to their magnitude. The outputs of
these comparator circuits are applied to a switch driver
circuit 160 to control switches 120 and 170 inserted
into the given circuits. Describing the operation of the
aforementioned echo suppressor in more detail, when
the receiving signal x exceeds a predetermined value, it
is recognized that a receiving signal exists, and thus the
switch are 170a of switch 170 on the transmitting line
side is disengaged from contact 170b so that an echo
signal is never transmitted. However, if the transmitting
signal y is determined to be larger than the receiving
signal x, then the switch arm 170a on the transmitting
line side is moved into engagement with contact 1705
while the switch arm 120q on the receiving line side 1s
connected to an attenuator contact 120c¢, so that the
transmitting signal y is processed without being attenu-
ated with a preference over the receiving signal x. It 1s
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a matter of course that in a communication system
which transmits voice signals after digitization, the D-A
converters 131 and 132 are unnecessary.

With reference to FIG. 2, one preferred embodiment
of the maximum value tracing circuit for digitized voice
signals 141 (or 142) according to the present invention
that is used in the echo suppressor shown 1n FIG. 1, is
illustrated in a block diagram form. Explaining now the
block diagram in FIG. 2 in conjunction with FIG. 3
which shows clear signals to be used in the maximum
value tracing circult and with FIG. 4 which shows signal
waveforms appearing at various points in the maximum
value tracing circuit, an input signal such as a digitized
voice signal is applied to comparator circuits 201 and
202. In the first comparator circuit 201, an absolute
value of the input signal applied at 201a and an output
value of a first register 221 applied at 201b are com-
pared to each other for controlling a first electronic
switch 211 (by output 201c), so that it functions in
such a manner that a larger signal of the absolute value
of the mput signal and the output signal of the first
register 221 may be fed to input 221a of the first regis-
ter 221. In addition, by making use of the second com-
parator circuit 202 and the second switch circuit 212, a
larger signal of an absolute value of the input signal and
an output signal of a second register 222 (applied re-
spectively at inputs 202a and 202b) is written into the
second register 222. Accordingly, the first register 221
and the second register 222, respectively, store maxi-
mum absolute values of the input signal in the time
intervals after clear operations are initiated by respec-
tive clear signals CL1 and CL2, and thus the compara-
tor circuit 201, electronic switching 211 and register
221 jointly constitute a first maximum value extraction
circuit, while the comparator circuit 202, switching
circuit 212 and register 222 jointly constitute a second
maximum value extraction circuit. In the illustrated
embodiment, as shown in FIG. 3, a clear signal repre-
sented by CL1 is applied to the clear input 2215 of first
register 221 with a time interval T, while another clear
signal CL2 with the same time interval but delayed
from the clear signal CL1 by T/2 is applied to the sec-
ond register 222. Thereafter, the first and second regis-
ters 221 and 222 would continue to trace maximum
values starting from zero at every period T.

In FIG. 4, 1t 1s assumed that the absolute value of the
mput signal is represented as shown at A, then the
output values of the first register 221 and the output
value of the second register 222 would become as
shown at B and C, respectively. Returning to FIG. 2, a
comparator-selector circuit 1s composed of a third
comparator circuit 230 and a third switch 240, and this
comparator-selector circuit derives at its output the
larger signal of one of the output signals of the first and
second electronic switches 211 and 212. Accordingly,
the signal appearing at the output terminal of swiich
240 1s a signal represented by a solid line curve at D in
FIG. 4. A broken line at D represents an envelope of
peak values of the input signal A. In the illustrated
example, the delay in detection is equal to zero, the
nang-over time is equal to T at maximum and to T/2 at
minimum, and thus FIG. 4 shows that the maximum
value tracing circuit having an average hang-over time
of T X % can be obtained.

The essential condition required for the period T of
the clear signals CL1 and CL2 is that it needs to be
somewhat longer than a pitch period of a voice but an
extremely long period with respect to the pitch period,
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6

for instance, a period more than ten times as long as the
pitch period, should be avoided. In the echo suppressor
shown in FIG. 1, the hang-over time of the maximum
value tracing circuit 141 on the receiving side 1s desir-
ably about 30 - 40 milliseconds, and the hang-over
time of the maximum value tracing circuit 142 on the
transmitting side is desirably almost zero. Such per-
formance falls within a feasible range for the embodi-
ment illustrated in FIG. 2. The reason why the maxi-
mum value tracing circuit 141 on the receiver side
needs to have a hang-over time, is due to the fact that
if the receiving signal has a time delay across the echo
path between terminals 102 — 103, even if a signal level
transmitting line should become higher than a signal
level receiving line at the termination of a remote talk-
er’s voice, the switches 120 and 170 must not be trans-
ferred. For the aforementioned reason, the illustrated
embodiment in FIG. 1 is necessarily provided with two
kinds of clear signals, of which one clear signal for the
maximum value tracing circuit on the receiving side has
a period of about 50 milliseconds and the other clear
signal for the maximum value tracing circuit on the
transmitting side has a period of about 15 milliseconds.
In the case when the’ circuit receives large impulsive
noises, preliminarily carrying out an integrating opera-
tion upon the input signal and then applying the inte-
grated signal to the maximum value tracing circuit
according to the present invention, will render the echo
suppressor insensitive to noise although its response
speed 1s lowered.

In addition, although the illustrated embodiment is
constructed in a digital manner, it is, of course, possible
to realize a similar echo suppressor by making use of
analog circuits except for the difficulties relating to
precision and stability.

Referring now to FIGS. 5-7 of the drawings, an ex-
ample of application of the principles of the present
Invention to a multiplex circuit echo suppressor is illus-
trated. One example of a multiplex echo suppressor is
shown in FIG. 5 in a block form, and one preferred
embodiment of the present invention is shown in FIG.
6, in which a multiplex processor circuit 595 in the
echo suppressor shown in FIG. 5 is constructed by
making use of the maximum value tracing circuit ac-
cording to the present invention. Furthermore, a timing
diagram of the signals appearing at various points in the
circuits shown in FIGS. § and 6 is shown in FIG. 7.

in the circuit arrangement shown in FIG. 5, all the
recetving signals and transmitting signals of the respec-
tive circuits are applied to the multiplexer 580 in which
the respective signals are selected in sequence as shown
in MPADR in FIG. 7 and then applied to a multiplex
processor circuit 595 via an A-D converter 585. The
multiplex processor circuit 595 performs the same
operation as that described in connection to the afore-
mentioned first embodiment of the invention with re-
spect to each circuit within a limited short period of
time. The details of the circuit construction of the mul-
tiplex processor circuit 5§95 is illustrated in FIG. 6.

In the illustrated embodiment of the multiplex pro-
cessing maximum value tracing circuit, place of the
registers 221 and 222 in the maximum value tracing
circuit shown in FIG. 2, a memory device 600 is em-
ployed. Assuming now that there exist L four wire-cir-
cuits, then determination must be made with respect to
the L circuits within one sampling period. More partic-
ularly, within the time region where a signal YPD

shown in FIG. 7 is in the binary 1 state, maximum value
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extraction for a transmitting signal is carrier out, while
within the time region where a signal XPD shown 1n
FIG. 7 is in the binary 1 state, maximum value extrac-
tion for a receiving signal as well as comparison in level
between the transmitting and recelving signals are car-
ried out, and thereby processing of the L circuits can be

completed within one sampling period. Upon carrying
out determination with respect to an 1-th one said L

circuits, after A-D conversion for the transmitting sig-

nal y I of the /-th circuit has been preliminarily com-
pleted, maximum values M1yl and M2yl within a finite
period in the past are read out of a 2(/-1)-th address of
the memory 600 and compared with the A-D con-
verted value by means of comparators 611 and 612.
The larger signals are selected by means of switches
621 and 622 and rewritten in the memory 600 via gate
circuits 651 and 652, respectively. Similtaneously
therewith, a larger one of the signals by the switches
621 and 622, that is, a maximum value 1s selected by
means of a comparator circuit 630 and a switch 640
and is stored in register 660. In addition, during this
period of time, A-D conversion for an /-th receiver side
signal x [ is carried out. At the time point when the
above-described operation had finished, maximum
values M,,; and M,,, in the past of the signal x [ are
read out of a [2(/—1) + 1]-th address of the memory
600, and a maximum value of the signal x [ 1s selected
by the switch 640 through a similar operation to that
for the signal y /. Now a maximum value of the signal y
| is stored in the register 660, and therefore, determina-
tion for the magnitudes of the levels of the transmitting
and the receiving signal can be performed through
comparison in magnitude between the output of the
switch 640 and the output of the register 660 by means
of a comparator 680. In addition, the existence of a
receiving signal can be determined by comparing the
maximum value of x / with the predetermined threshold
level at comparator 670. A multi-channel switch driver
circuit 690 responds to the outputs of the above-
described comparators 670 and 680 for transferring an
instruction for opening or closing a circuit switch to a
register 571 provided for each circuit. As shown In
FIG. 7, the address signal MADR to the memory device
600 where read-out and write-in operations are pre-
formed and the channel signal MPADR which is allot-
ting a channel to the multiplexer 580 are deviated by
one clock time. However, if the A-D converter circuit
is of sufficiently high speed, this deviation is not always
necessary. |

In the illustrated embodiment, the clear signals for

the maximum value extraction circuits are signals res-

presented by CL1 and CL2 in FIG. 7. These signals
CL1 and CL2 are generated according to the following
logical (Boolean algebra) equations:

CL1 =CLIX . XPD + CL1Y . YPD
CL2=CL2X . XPD + CL2Y . YPD

where . represents an operator for logical product and
+ represents an operator for logical sum. In the case of
this embodiment, in order to achieve multiplex pro-
cessing of L circuits each consisting of a receiver side
circuit and a transmitter side circuit, the clear signals
generated according to the above equations are used.
In FIG. 7, waveforms CL1X and CL2X represent a set
of clear signals for the maximum value extraction cir-
cuits on the receiver side, and waveforms CL1Y and
CL2Y represent a set of clear signals for the maximum
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value extraction circuits on the transmitting side. Each
set of clear signals are required to have a timing rela-
tion similar to the case of the clear signals CL1 and
CL2 used in the first embodiment shown in FIG. 2.
More particularly, it is required that the clear signals

CL1X and CL2X should have the same period Tx and
should be phase-shifted by 180° with respect to each
other. This relationship is also true for the clear signals

CL1Y and CL2Y. The maximum value extraction cir-
cuit on the receiving line side is supplied with the clear
signals only in the time region where the wavetorm
XPD is 1, while the maximum value extraction circuit
on the transmitting line side is supplied with the clear
signals only in the time region where the waveform
YPD is 1. Consequently, the clear signals for the maxi-
mum value extraction circuits in this embodiment take
the forms of CL1X . XPD + CL1Y . YPD and CL2X .
XPD + CL2Y . YPD respectively.

While the signals CL1 and CL2 in the maximum
value extraction circuits shown in FIG. 2 are used as
clear signals for the registers 221 and 222, respectively,
in the maximum value extraction circuits for a multi-
plex circuit shown in FIG. 6 the clear signals CL1 and
CL2 function to inhibit gate circuits 651 and 652 for
writing zero in the memory device 600. In addition,
signals RASET and R [ S are signals for controlling
write-in operations to the register 660 and the registers
571 (=1, 2, . . . ,L), respectively. Naturally, the
switches used in the multiplex processor circuit 595 are
constucted of gates or multiplexers.

In the illustrated embodiment, each circuit is pro-
vided with only switches 54/ and 55!/ on the receiving
and transmitting line, respectively, and a register 57..
The multiplexer 580, A-D converter 585, multiplex
processor circuit 595 and control circuit 590 are used
in common with all the L circuits. The multiplex pro-
cessor circuit 595 is constructed as shown in FIG. 6, the
control circuit 590 is a simple circuit which merely
generates the various signals shown in FIG. 7, and
therefore, the common part is very small in size if cal-
culated in terms of a size per unit circuit.

Referring now to FIG. 8 of the drawings, a second
preferred embodiment of a maximum value tracing
circuit for digitized voice signals according to the pre-
sent invention, which is constructed with only a single
value extraction circuit, is illustrated in a block dia-
gram form. The maximum value extraction circuit 802
comprises a first comparator 810, a first register 811
and a first electronic switch 812 similar to those shown
in FIG. 2, and its operation is also similar to that de-
scribed with reference to FIG. 2. Accordingly, the out-
put value of the maximum value extraction circuit 802
gives a maximum value of the digital input signal during
the period from the application of a clear signal CL.1 up
to the present. The output of the maximum value ex-
traction circuit 802 is connected to a second register
803, which stores the output value of the maximum
value extraction circuit 802 in synchronism with a set
signal S1. The time point for applying the set signal
pulse S1 to the second register 803 is selected at a time
point just prior to the application of the clear signal
CL1 to the first register 811. The contents of the sec-
ond register 803 are therefore made equal to the output
value of the maximum value extraction circuit 802 at
the time point just prior to the clear operation of the
first register 811. An output value of the second regis-
ter 803 and the output value of the maximum value
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extraction circuit 802 are fed to-a second comparator
circuit 804, in which these two output values are com-
pared in magnitude to each other.:An output of the
second comparator circuit 804 controls a second elec-

tronic switch 808,.so that the output value determined

by the second comparator circuit 804 and the larger of
the two values is stored in a third register 805 Owing to
the above-described circuit arrangement the value
obtained at the output of the third register 805 corre-
sponds to an envelope value of the lnput signal prior to
the conversion into a digital form, in other words a
value correspondmg to the maximum value. ©

Operatlen of the above-described embodiment will
be described in more detail with reference: to FIG. 9,
which represents the signals appearing at various points
in the maximum- value tracing circuit illustrated in FIG.
8. As an input signal, a signal obtained by converting a
voice signal shown at (a) into a digital form 1s supplied
to an input terminal 801. Then the output value of the
maximum value extraction circuit 802 takes a wave-
form (one illustrated in analog form converted from
real digital signals identical to those in (c¢) and (d) as
shown at (b). At (f) is shown a clear pulse series CL1
for clearing the first register 811 in the maximum value
extraction circuit 802. Also at (e) is shown a set pulse
series S1 for setting the second register 803 at the out-
put value of the maximum value extraction circuit 802.
The waveform shown at (¢) represents the value stored
in the second register 803, that is, the output value of
the second register 803 at the time just before it is
cleared. Finally, at (d) is shown a waveform which is
comprised of a series of successively larger values of
the output value of the second register 803 represented
at (b) and the output value of the maximum value
extraction circuit 802 represented at (c). In other
words, the output value of the third register 805, or one
example of the output signal from the maximum value
tracing circuit according to the present invention, is
shown at (d) in FIG. 9.

In the above-described embodiment, a descnptlon
has been given, for the simplicity of explanation, as-
suming that the time point for applying a clear pulse
CL1 to the first register 811 and the time point for
applying a set pulse S1 to the second register 803 are
not coincident. However, if the first register 811 has a
construction such that the clear pulse CL1 can be de-
layed therein, then it is a matter of course that the time
points for applying the clear pulse CL1 and the set
pulse S1 could be coincident with each other.

As described above, according to the second embodi-
ment of the invention shown in FIGS. 8 and 9, a maxi-
mum value tracing circuit can be constructed including
only a single maximum value extraction circuit, so that
an envelope value of an input signal, that is, a signal
consisting of a series of maximum values within succes-
sive short time regions can be obtained. Therefore, 1t
results in a great advantage for the simplification of
various equipment which requires tracing of maximum
values.

What is claimed is:

1. A maximum value extraction circuit for extracting
the peak value of an input signal of varying value,
which mput signal 1s perlodlcally digitized, said circuit
cemprlsmg |

primary input means for receiving said digitized input

signal;

register means for storing the last digital signal ap-

plied to its input terminal means such that a new
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. -digital signal is stored by said register means each
time a new digital 51gnal IS, applled to its input ter-
minal means;
means for comparmg the dlgltal 31gnal stored by said
reglster means to the last digital sxgnal received by
said primary input means and for generating a

- switch control signal indicative of which of the
signals last compared by said comparing means 18
larger; and -

: switch means responswe to sald swnch centrol signal

for applying the larger of the two signals last com-

- pared by said comparing means to said input termi-

nal means of said register means. o
2. A maximum value tracing circuit for extraetmg the
peak value-of an input: signal of varying.value, said
input signal being digitized a. plurality of times during
each of a plurahty of successive time penods said trac-
ing icircuit comprising; s
primary input means for receiving sald periodically
- digitized signal;

first memory means for storing the last digital signal
applied to its input terminal means and for clearing
any signal stored therein at the end of each of said
plurality of successive time periods;

first comparing means for comparing the digital sig-

nal stored in said first memory means to the last
digital signal received by said primary mmput means
and for generating a first control identifying the
larger of the two signals last compared by said first
comparing means; first switch means responsive to
said first control signal for applying the larger of
the two signals last compared by said first compar-
ing means to said input terminal means of said first
memory means; stored in said first memory means
just prior to the end of the last of said successive
time periods;

third memory means for storing the last digitized

signal applied to its input terminal means;

second comparing means for comparing the digital

signal stored in said second memory means to the
digital signal stores in said first memory means and
for generating a second control signal identifying
the larger of the two signals last compared by said
second comparing means; and

second switch means responsive to said second con-

trol signal for applying the larger of the two signals
last compared by said second comparing means to
said input terminal means of said third memory
means.

3. A maximum value tracing circuit for extracting a
peak value of an input signal of varying value, said
input signal being periodically digitized, said tracing
circuit comprising:

primary input means for receiving said periodically

digitized signal,

first memory means for storing the last digital signal

applied to its input terminal means and for clearing
any signal stored therein at the end of each of a
plurality of successive first time periods, said input
signal being digitized a plurality of times during
each of said first time periods;

first comparing means for comparing the digital sig-

nal storéd in said first memory means to the last
digital signal received by said primary input means
and for generating a first control signal identifying
the larger of the two signals last compared by said
first comparing means;
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first switch means responsive to said first control means; second switch means responsive to said
signal for applying the larger of the two signals last second control signal for applying the larger of the
compared by said first comparing means to said two signals last compared by said second compar-
input terminal means of said first memory means, ing means to said input terminal means of said
'second memory means for storing the last digital 5 second memory means;
signal applied to its input terminal means for clear- third comparing means for comparing the digital
ing any signal stored therein at the end of each of a signals resulting from the last comparison opera-
plurality of successive second time periods, each of tions of said first and said second comparing means

said second time periods being of the same dura-
tion as each of said first time periods, the end of 10
each of said second time periods being offset with
respect to the end of each of said first time periods;

and appearing at the outputs of said first and said
switch means and for generating a third control
signal identifying the larger of the two signals last

second comparing means for comparing the digital cqmpare_d by said third c::omparir._lg means, and
signal stored in said second memory means to the third switch means responsive to said third control

last digital signal received by said primary input 15 signal for applying the larger of the two signals last
means and for generating a second control signal compared by said third comparing means to said
identifying the larger of the two signals last com- output means. * -
pared by said second comparing means; output
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